Attention and awareness are closely related, but the nature of their relationship is unclear. The present study exp plores the timing and temporal evolution of their interaction with event-related potentials. The participants attended to specific conjunctions of spatial frequency and orientation in masked (unaware) and unmasked (aware) visual stimuli. A correlate of awareness appeared 100-200 msec from stimulus onset similarly to both attended and unatd tended features. Selection negativity (SN), a correlate of attentional selection, emerged in response to both masked and unmasked stimuli after 200 msec. This double dissociation between correlates of awareness and SN suggests f that the electrophysiological processes associated with feature-based attentional selection and visual awareness of features can be dissociated from each other at early stages of processing. In a passive task, requiring no attention to the stimuli, early electrophysiological responses (before 200 msec) related to awareness were attenuated, suggestg ing that focal attention modulates visual awareness earlier than does selective feature-based attention.
There is a controversy concerning the relationship between visual attention (the selection of visual input for detailed processing) and visual awareness (the subjective experience of seeing the stimulus) (Lamme, 2003 (Lamme, , 2004 Rees, Russell, Frith, & Driver, 1999) . According to the dominant view, attention is the gateway to visual awareness. Recent demonstrations of various forms of functional blindness for unattended stimuli in persons with normal vision have been interp preted as supporting this view. For example, the phenomenon of inattentional blindness is reflected as an inability to consciously report seeing an unexpected, unattended stimulus (Mack & Rock, 1998) . Similarly, change blindness is manifested as a considerable difficulty in detecting changes in unattended stimuli, when two versions of the same scene are separated by a brief interruption (Simons & Levin, 1997) . Attentional blink is demonstrated in rapid serial presentation as a failure to detect the second target stimulus when attention is engaged with the first target stimulus presented about half a second earlier (Shapiro, Arnell, & Raymond, 1997) . All these phenomena seem to imply that we must pay attention to an object in order to be aware of it-that is, that the contents of awareness are identical to the contents of attention. Consequently, it has been stated that every theory of consciousness should incorporate the assumption that attention is a prerequisite of consciousness (Dehaene & Naccache, 2001) . However, q y p p an alternative and equally plausible interpretation is that f we visually experience more than what is in the focus of attention but, because coding the stimulus into memory requires focused attention, only the attended stimuli can be consciously reported (Sperling, 1960; Wolfe, 1999) . Thus, although it is clear that awareness and attention are closely linked, it is less clear how and at which processing stage they are linked.
Studies in which online measures of brain activity have been used may clarify the relationship between visual awareness and attention. Neuroimaging studies have shown that the ventral visual pathway from V1 to the temporal cortex, known to be important in visual object recognir tion, is associated with changes in visual awareness (Bar et al., 2001; Beck, Rees, Frith, & Lavie, 2001; Moutoussis & Zeki, 2002; Pins & ffytche, 2003; Vanni, Revonsuo, Saarinen, & Hari, 1996) . For example, in binocular rivalry, the alternating subjective perception of stimuli presented to different eyes is accompanied by alternating activations of neurons specialized for processing the corresponding types of stimuli, while the physical stimuli remain constant (Logothetis, 1998; Tong, Nakayama, Vaughan, & Kanwisher, 1998 ). In addition, it has been argued that the activation of the ventral pathway alone may not be sufficient for subjective visual perception. Visual awareness is usually t accompanied by activation of frontal and parietal areas that are typically associated with attention (Beck et al., 2001; Lumer & Rees, 1999; Pins & ffytche, 2003) . Kanwisher (2001) has suggested that ventral areas provide the contents (2001) has suggested that ventral areas provide the contents
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selection negativity (SN; Harter & Aine, 1984) . Selective attention to target stimuli or features, as compared with nontargets, is reflected in ERPs as a negative amplitude shift at posterior electrode sites around 200 msec after stimulus onset. SN is a modulatory effect of selective attention on cortical processing, providing a high-resolution measure of the time at which a particular feature is selectively processed in the brain (Hillyard & Anllo-Vento, 1998; Proverbio & Zani, 2003) . The fact that the correlates of visual awareness (VAN) and selective attention (SN) have similar timing around 200 msec from stimulus onset, the same polarity, and a similar posterior scalp distribution raises the question of whether they, in fact, reflect the workings of the same attentional mechanism. In that case, SN and VAN would not be dissociable from each other, supporting the view that visual awareness is dependent on attention. Alternatively, if the neural processes responsible for visual awareness are independent of selective attention, VAN should emerge independently of attentional manipulations. manipulated visual awareness of and attention to letter stimuli within the same experiment to determine the relationship between VAN (the difference in ERPs between aware and unaware stimuli) and SN (the difference in ERPs between targets and nontargets). The results revealed that the early part of emerged similarly for attended and unattended stimuli and earlier than any of the electrophysiological effects of selective attention, suggesting that visual awareness and attention are initially independent of each other.
In the present study, we examined the relationship between visual awareness of features and attention to features in greater detail. Thus, if visual awareness is independent of selective feature-based attention at early processing stages, its electrophysiological correlate (VAN) should not vary as a function of the level of attention at early latencies (Experiment 1). Second, if the emergence of visual awareness is independent of attention, its electrophysiological correlate should occur also in a passive task not requiring focused attention to the stimuli (Experiment 2). On the other hand, if selective attention or nonselective focused attention on stimuli is a prerequisite for visual awareness, the earliest electrophysiological correlates of awareness should strongly depend on the manipulations of attention.
EXPERIMENT 1
Here, we followed our previous procedure and manipulated awareness in such a way that, in the aware condition, in which a long stimulus-mask onset asynchrony (SOA) was employed, the stimuli were unmasked and clearly above the subjective threshold and, in the unaware condition, in which a short SOA was used, the stimuli were masked and clearly below the threshold. In the unmasked condition, the participants were aware of the stimulus features and the mask, whereas in the masked condition, they were aware of the mask but not of the stimulus features. With this kind of procedure, one could manipulate attention at the same time-for example, by asking the participants to respond to prespecified target features and for visual awareness and that interaction between ventral areas and frontoparietal areas is needed for the contents to enter awareness. An alternative interpretation would state that visual awareness as such does not require interaction between ventral areas and frontoparietal areas but that the activation of frontal and parietal areas is related primarily to the requirement to report the contents of visual awareness. t Due to the poor temporal resolution of PET and fMRI, the activations occurring at different stages of processing summate to the same static image. Therefore, brain-imaging studies cannot reveal the order in which awareness and attention occur or the precise timing of the interaction between awareness and attention. Here, we study the interaction of visual awareness and attention by making use of event-related brain potentials (ERPs). They provide high temporal resolution for tracking the electrophysiological correlates of visual awareness and attention.
The earliest reliably observed electrophysiological correlate for subjective visual awareness of a stimulus, as compared with stimuli that do not enter awareness, is an increase of negativity at posterior sites around 200 msec (Kaernbach, Schröger, Jacobsen, & Roeber, 1999; Koivisto & Revonsuo, 2003 Pins and ffytche, 2003; WileniusEmet, Revonsuo, & Ojanen, 2004) . This visual awareness negativity (VAN) is independent of the method by which the presence of visual awareness is manipulated: VAN has been observed in studies using binocular rivalry (Kaernbach et al., 1999) , change blindness (Koivisto & Revonsuo, 2003 , masking (Koivisto, Revonsuo, & Salminen, 2005; Wilenius-Emet et al., 2004) , contrast manipulation Ojanen, Revonsuo, & Sams, 2003; Pins & ffytche, 2003; Wilenius & Revonsuo, 2007) , attentional blink, and repetition blindness . Pins and ffytche reported also that an enhancement of positive amplitudes around 100 msec was associated with aware perception. However, this observation has not gained support from any other studies . A more typical finding is that VAN is followed by a positive amplitude enhancement to aware stimuli around 400 msec (Kaernbach et al., 1999; Koivisto & Revonsuo, 2003 Pins & ffytche, 2003; Wilenius-Emet et al., 2004) . This late positivity (LP) must reflect late stages of processing the stimulus, and it cannot be a primary correlate of visual awareness, since it does not necessarily occur in conditions that are associated with conscious recognition and VAN .
The assumption that the contents of awareness are identical to the contents of attention (Mack & Rock, 1998) implies that the mechanisms responsible for selective attention might be prerequisites for visual awareness. How is selective attention reflected in electrophysiology, and what is the relationship between the electrophysiological correlates of selective attention and visual awareness? Studies on selective spatial attention have revealed that stimuli that fall into an attended location elicit larger P1 and N1 amplitudes at posterior scalp sites than do stimuli falling into the same location when this location is not attended to (Hillyard & Anllo-Vento, 1998; Luck & Ford, 1998 ). The second well-known correlate of selective attention is masked stimuli, we expected the relevant conjunctions to elicit the largest SN (as compared with irrelevant stimuli), and for the only-frequency-relevant stimuli, the second largest one (Kenemans, Kok, & Smulders, 1993) . In addition, a variety of procedures controlling for the possible confounding effects of the masks were used. We tested a large number of participants, aiming to find a subgroup whose performance was sufficiently high at the short SOA or low at the long SOA that the electrophysiological correlates of awareness to feature conjunctions could be measured using a constant SOA (i.e., using aware and unaware stimuli with identical physical energy). Furthermore, we examined the possible electrophysiological effects of the masks by including trials that contained only the mask (but no stimulus) or only the stimulus (but no mask).
Method Participants and Stimuli
Twenty-nine participants (18-28 years; 8 of them male) took part. They were healthy, were right-handed (Oldfield, 1971) , and had normal or corrected-to-normal vision. Both experiments were approved by the local ethics committee, and all the participants gave their informed written consent.
The stimuli were black-and-white square-wave gratings (1.5º 1.5º in size). The spatial frequency of each stimulus was either high (3.7 cycles/deg) or low (1.7 cycles/deg), and each grating was oriented either horizontally or vertically, so that there were four different feature combinations (high-frequency-horizontal, highfrequency-vertical, low-frequency-horizontal, and low-frequencyvertical). A black pattern mask (1.8º 1.8º) was constructed so that the stimuli could not be recognized in free-viewing conditions when a stimulus and the mask overlapped. Four different versions of the mask were generated by rotating the original mask 90º, 180º, or 270º. The luminance for black was 0.27 cd/m 2 , and the luminance for the white background was 16 cd/m 2 .
Behavioral Task
The grating stimuli were presented for 16.5 msec in the center of the computer screen, followed by a blank period for 16.5 or 116 msec, and then by the mask for 16.5 msec (Figure 1) . Thus, the SOA from to ignore nontargets, as in a typical experiment on selective attention. Awareness of nontarget (unattended) features would not need to be indicated by responding to the nontargets, but it would be possible to study whether the difference in ERPs between the masked (unaware) condition and the unmasked (aware) condition was similar for attended and unattended features. If the unattended features elicited the same electrophysiological correlates of awareness as the attended ones, one would conclude that the neural processes correlating with awareness were independent of the manipulated aspect of attention.
In Experiment 1, we applied a larger variety of attentional dimensions than in the previous study so that the effects of attention might be revealed more reliably and the relationship between visual awareness and selective attention could be studied in more detail. We studied the relationship between visual awareness of stimulus features and attention to the spatial frequency and orientation of stimuli. The participants were asked to attend to a specified conjunction of spatial frequency and orientation (e.g., high spatial frequency and vertical orientation) of visual spatial gratings, half of which were followed by a mask after a short SOA and half after a long SOA (masked and unmasked conditions, or unaware and aware conditions, respectively; see Figure 1 ). This allowed us to measure the electrophysiological correlates of awareness as a function of different levels of attentional relevance-that is, in relation to conjunctions of relevant features (e.g., high spatial frequency and vertical orientation), frequency-relevant stimuli alone (e.g., high spatial frequency and horizontal orientation), orientationrelevant stimuli alone (e.g., low spatial frequency and vertical orientation), and totally irrelevant stimuli (e.g., low spatial frequency and horizontal orientation). In contrast to our earlier study, here the observers did not respond to frequency-and orientation-relevant stimuli, so that it was possible to unconfound attention and responding. For un- the short SOA. Responses to the other types of stimuli (false alarms) were rare ( 2%). As the results show, there was a large difference in detection rates between the shortand long-SOA conditions, suggesting that awareness of stimulus features was effectively suppressed at the short SOA (masked condition), whereas the stimuli were well above the subjective threshold at the long SOA (unmasked condition). On the trials involving only the stimulus (without the mask), the participants (n 16) detected 91% of the conjunctions, and the false alarm rates were 1.3% for frequency-relevant stimuli, 0.6% for orientation-relevant stimuli, and 0.3% for irrelevant stimuli. More false alarms were made in response to frequency-relevant stimuli than to other types of nontarget stimuli [F(2,30) F F 7.82, p .01], replicating earlier results obtained for suprathreshold stimuli (Kenemans et al., 1993; Previc & Harter, 1982) . On the mask-only trials, the false alarm rate was 0.6%.
We eliminated those participants who were able to detect more than 15% of the conjunctions at the short SOA (they might be aware of many masked stimuli) and those who could detect fewer than 70% of the conjunctions at the long SOA (they might not be aware of many unmasked stimuli) from the main ERP analyses focusing on the relationship between awareness and attention. The behavioral results for the selected, remaining group (n 16) are shown in parentheses in Table 1 .
ERPs
Main analyses: Awareness and attention. The statistical analyses focused on the P1 (100-150 msec), N1 Table 2. P1 amplitudes were less positive/more negative in the unmasked condition (1.2 V) than in the masked condition (2.0 V) (VAN): The difference was significant over the occipital [F(1,15 In addition, the difference between the masked and the unmasked conditions was stronger over the right than over the left hemisphere. Attention did not have any effects on the P1 amplitudes.
The analysis of N1 amplitudes revealed more negative responses in the unmasked condition ( 2.1 V) than in the masked condition ( 0.3 V) (VAN). The unmasked condition was associated with larger negativity than was the masked condition over the occipital the onset of the stimulus to the onset of the mask was either 33 msec (masked, unaware condition) or 133 msec (unmasked, aware condition). After the mask, a blank interval of 744 msec elapsed until the next stimulus appeared. For 13 participants, the experiment was conducted in eight blocks, with each feature conjunction serving as a target in two blocks and as a nontarget in the other blocks. The order in which the feature conjunctions served as targets and nontargets was counterbalanced across the participants. Each stimulus block contained 64 targets, 64 frequency-relevant stimuli, 64 orientation-relevant stimuli, and 64 irrelevant stimuli, with half of each type of stimuli presented in the short-SOA condition and half in the long-SOA condition. In addition, for 16 participants, the experiment was conducted in four blocks, which were otherwise constructed identically, but each block also contained 32 trials including only the stimulus and 64 catch trials in which only the mask was presented. In the catch trials, a blank screen (instead of the stimulus) was presented for 16.5 msec, followed by the mask after either a 33-or a 133-msec SOA.
Before each block, the participants were asked to respond to one particular feature combination (conjunction) by pressing a button on a response box immediately when they subjectively perceived the combination. The participants were instructed to keep fixation in the center of the screen and to try to avoid unnecessary eye movements, blinks, and body movements. The response hand was balanced across the participants.
Electric Measurements and Data Analysis
EEG was recorded using tin electrodes attached to an "ElectroCap" (Electro-Cap International, Inc.) with international 10/20 system sites Fp1, Fp2, F3, F4, F7, F8, Fz, P3, P4, Pz, C3, C4, Cz, T3, T4, T5, T6, O1, and O2. Horizontal eye movements were monitored with an electrode placed 1.5 cm to the right of the right eye, and vertical eye movements and blinks were monitored with an electrode placed below the left eye. The nose was used as reference, and an electrode between Fz and Cz as ground. EEG was amplified (SynAmps) using a band-pass of 0.05-100 Hz. The sampling rate was 500 Hz. A 50-Hz notch filter was used. The impedance of the electrodes was kept below 5 k . Baseline was corrected to the activity in the 100-0 msec preceding the stimulus. Trials with artifacts ( 70 V) in any of the electrodes were rejected offline. All the trials involving a response to a nontarget were rejected from the ERP analyses, as well as trials involving a response to the target at the short SOA. At the long SOA, the trials on which the target conjunction was not responded to were eliminated.
The time windows for statistical analyses were determined on the basis of grand average waveforms. Greenhouse-Geisser corrections were applied to the p values when the degrees of freedom were greater than 1.
Results

Performance
Table 1 presents the behavioral results for all the participants (N 29). The observers detected 79% of the target conjunctions at the long SOA and 10% of them at In N2 amplitudes, the unmasked condition was associated with more negative amplitudes ( 0.1 V) than was Difference Waves: Unmasked -Masked 3. The difference waves for conjunctions, frequency-relevant stimuli, orientation-relevant stimuli, and irrelevant stimuli, computed by subtracting the event-related potentials in the masked condition (short stimulus onset asynchrony [SOA]) from those in the unmasked condition (long SOA). Two waves related to masking can be identified: a negative deflection 100-300 msec after stimulus onset, peaking at occipital sites (visual awareness negativity), followed by a positive deflection after 300 msec, peaking at parietal sites. tect target conjunctions at the short SOA ( 15%) or who had difficulties in detecting the target conjunctions at the long SOA ( 70%). It was thus possible to test the electrophysiological effects of awareness by comparing ERPs to consciously detected and undetected targets while the SOA was kept constant (33 msec for 5 participants; 133 msec for 8 participants). This allowed us to test whether the VAN effect or the later positive difference between unmasked (long-SOA) and masked (short-SOA) conditions in the main analyses really reflect the effects of awareness or whether they are artifacts due to the different timing of the masks. One should note that the SOA manipulation produced a very large phenomenal difference between the masking conditions. In the constant SOA conditions, the phenomenal experience of being aware of the target features could not be equally clear, because the stimuli were presented near the subjective threshold. Therefore, one should not expect the electrophysiological effects of awareness and those produced by the SOA manipulation to be equally strong. Because preliminary ANOVAs on mean amplitudes did not show any statistically significant differences between short and long constant SOA participants, the participants were combined into a single subgroup. ERPs for the subgroup are displayed in Figure 4 . Statistically significant effects for detection from the detection (2) lobe (4) hemisphere (2) ANOVA on the mean amplitudes are presented in Table 3 .
Analysis of the P1 time window showed that the ERPs to consciously detected targets started to show less positive amplitudes than did those to undetected targets (VAN) in occipital electrodes already 100-150 msec after stimulus onset. In the N1 time window, consciously detected targets showed more negative amplitudes than did undetected targets (VAN) The analyses of the results from the subgroup show electrophysiological effects of awareness that are qualitatively very similar to those shown by the analyses of the evant stimuli (1.9 V) all differed significantly from each other ( ps .02). The differences between stimulus types were larger over the left than over the right hemisphere and were most clearly observable in occipital, temporal, and parietal electrodes.
In N2 amplitudes, the negative difference between the unmasked and the masked conditions (VAN) varied as a function of attention. The VAN was the largest for conjunctions ( 3.8 V), then for frequency-relevant stimuli ( 2.5 V), then for orientation-relevant stimuli ( 1.7 V), and then for irrelevant stimuli ( 0.7 V). Attention had its largest effects on VAN over the left temporal lobe (T5).
As can be seen in Figure 2 , masked conjunctions elicited a small SN (0.7 V) after 200 msec. A separate analysis involving only the data from the masked condition (short SOA) in the 200-to 300-msec time window revealed a tendency for a main effect of attention [F(3,45 In the P3 time window, the unmasked condition was associated with a larger positivity (3.8 V) than was the masked condition (1.8 V). The ERPs to conjunctions (4.0 V) were more positive than those to frequencyrelevant (2.5 V), orientation-relevant (2.5 V), and irrelevant (2.4 V) stimuli. The effect of attention on the positive difference between the unmasked and the masked conditions was largest over the parietal lobes.
In sum, the analyses showed that ERPs between the unmasked (SOA 133 msec) and the masked (SOA 33 msec) conditions began to differ already after 100 msec. The unmasked condition continued to show more negative amplitudes than did the masked condition, particularly in occipitotemporal sites until 300 msec. This negative difference (VAN) was unaffected by the manipulation of selective feature-based attention until 200 msec. Attention had its earliest effects and interactions with masking after 200 msec. After 300 msec, the difference between the unmasked and the masked conditions changed to positivity, which was strongly modified by attention, particularly in parietal sites.
Subgroup: Awareness at constant SOA. There were participants (n 13, not included in the main analyses above; see the Performance section) who were able to de- poral and occipital electrodes, but not in parietal sites, where the main analyses, as well as the subgroup analyses, showed the largest positive difference between consciously detected and undetected features.
Discussion
The SOA manipulation managed to produce two different phenomenal conditions. At the short SOA, the stimuli were effectively masked, and thus, the participants were aware only of the masks, not of the stimulus features. At the long SOA, the stimuli were unmasked, and the participants were aware of the stimulus features as well as the mask. Therefore, in both conditions, the participants were aware of the masks, but only in the long-SOA, unmasked condition were they aware of the stimulus features.
The analyses of ERPs showed an enhancement of negativity in the unmasked, aware condition, in relation to the masked condition, 100-300 msec after stimulus onset in posterior sites (VAN). On the other hand, selective attention was reflected as a negative enhancement 200-300 msec after the stimulus (SN). The earliest part of VAN (100-200 msec) was independent of the attentional manipulation and appeared similarly for conjunctions, frequency-relevant stimuli, orientation-relevant stimuli, and irrelevant stimuli. This result suggests that the neural processes responsible for visual awareness are initially independent of selective feature-based attention. The magnitude of VAN was modulated by attention after 200 msec. VAN was followed by a late positive difference (LP) between the unmasked and the masked conditions in the P3 time window. The LP showed a strong dependence on selective attention to features and was elicited only by conjunctions.
VAN and LP were observed also for the participants for whom it was possible to measure these effects by using a single SOA. This result shows that the effects in the main analyses were not artifacts due to the SOA manipulation and suggests that a backward mask has surprisingly little influence on ERPs time-locked to the preceding stimulus. This was further confirmed by comparing the ERPs to stimulus mask trials with those elicited by mask-only trials.
EXPERIMENT 2
The independence of the early part of VAN (100-200 msec from stimulus onset) from the attentional manipulation suggests that the neural processes responsible for visual awareness are initially independent of nonspatial selective attention to stimulus features. The alternative explanation, that the early part of VAN was due to physical differences between the SOA conditions, was ruled out by showing that VAN was present also when ERPs to consciously detected and undetected conjunctions were contrasted at a constant SOA and by showing that the masks did not have effects on the ERPs to the preceding stimuli in the critical P1 and N1 time windows in occipital and posterior temporal sites. However, one could still argue that the early part of VAN in the constant SOA analysis was due to the effects of attention by assuming that attentional focus-SOA manipulation. First, a negative difference favoring detected (aware) stimuli (VAN) was observed between 100 and 300 msec (P1, N1, and N2 time windows), most clearly in occipitotemporal sites, replicating the main analyses of the SOA manipulation. In addition, VAN was followed by the positive difference between detected and undetected stimuli in the 300-to 700-msec time window, being the largest at parietal sites, also replicating the result from the main analyses. There was one effect that was not replicated. The frontal positive difference that was observed in the main analyses between long-and short-SOA conditions in the N1 time window was not observed for the subgroup. Therefore, this effect was likely due to the SOA manipulation. Fortunately, the critical sites for the analysis of the awareness effect (VAN) are occipital and temporal sites, rather than the frontal ones.
The effects of masks. Next, we studied the possible effects of the masks on the ERPs at the short SOA in the group of participants who also received trials containing only masks (with a blank screen presented instead of the preceding stimulus). At the short SOA, the observers did not report awareness of the stimulus features. Therefore, we compared the ERPs elicited by masks with the ERPs elicited by stimulus mask trials at the short SOA, so that for both stimulus types, the subjective (un)awareness remained constant. Possible confounding effects of attention were minimized by including only the irrelevant stimulus mask trials in the comparisons. Figure 5A presents the ERPs to stimulus mask and mask-only trials at the short SOA.
The waveforms look very similar for both types of trials at the posterior sites, with the exception that the peaks for mask-only trials have about a 30 msec longer latency than do the peaks for stimulus mask trials. It seems that at the short SOA, the P1 and N1 potentials on stimulus mask trials are elicited by the stimulus only, without any contribution of the mask to the potentials, as if there was only one physical item.
The effects of the mask on the ERPs to the preceding stimulus at the long SOA were tested by comparing ERPs to irrelevant stimulus mask trials and ERPs to irrelevant stimulus-only trials. In both types of trials, the participants were subjectively aware of the stimulus. As can be seen from Figure 5B , the waves for the stimulus mask trials and stimulus-only trials are identical until 200 msec. This is an important result, because VAN emerged in the main analyses (and also in the subgroup analyses) already in the P1 and N1 time windows, whereas attention showed its ef-f f fects only after 200 msec. Thus, the presence of the mask in the aware (unmasked, long-SOA) condition did not distort the early ERPs to the consciously perceived stimuli.
However, after 200 msec, the ERPs to stimulus mask trials started to show larger positivity than did the ERPs to stimulus-only trials. In the N2 time window, stimulus mask trials elicited larger negativity than did stimulus-only trials in frontal electrodes, whereas in parietal, temporal, and occipital electrodes, they elicited larger positivity than did stimulus-only trials. In the P3 time window, stimulus mask trials were associated with larger negativity than were stimulus-only trials in tem- SOA in the control task. The remaining 9 participants detected 8% (SD 5) of the conjunctions at the short SOA and 88% (SD 7) of them at the long SOA. Responses (i.e., false alarms) to other types of stimuli at the short or long SOA were rare (fewer than 1% across the other conditions). These results indicate that the stimuli were clearly below subjective threshold at the short SOA (masked) and above it at the long SOA (unmasked), at least when the stimuli were attended to.
ERPs
Passive task. We analyzed the differences in ERPs between the short SOA (masked condition) and the long SOA (unmasked condition) in the passive task in the time windows in which VAN typically appears-that is, in the P1 (100-150 msec), N1 (150-200 msec), and N2 (200-300 msec) time windows. As Experiment 1 showed, the ERPs to the stimulus after 200 msec from stimulus onset may be affected by the electrophysiological responses to the mask, particularly at the long SOA. Therefore, the results after 200 msec should be considered with caution. The analyses were restricted to occipital (O1, O2) and posterior temporal (T5, T6) electrodes where VAN was largest in Experiment 1, as well as in previous studies Koivisto, Revonsuo, & Lehtonen, 2006) . Figure 6 displays the ERPs in response to masked and unmasked stimuli in the passive task. In the P1 time window (100-150 msec), the main effect for masking was significant [F(1,8) F F 6.63, p .05] , showing larger negativity (less positivity) in the unmasked condition (2.6 V) than in the masked condition (3.8 V).
In the N1 range (150-200 msec), the SOA lobe hemisphere interaction was significant [F(1,8) F F 13.60, p .01]. In occipital electrodes, a tendency for a larger negative difference between the unmasked and the masked conditions over the left hemisphere than over the right one was observed [F(1,8) F F 5.28, p .05] . In temporal electrodes, the amplitudes were more negative in response to the unmasked stimuli ( 0.8 V) than to the masked stimuli (
In the N2 range (200-300 msec), the ERPs to unmasked stimuli (2.6 V) were more negative/less positive than those to masked stimuli (3.9 V) [F(1,8) F F 5.55, p .05], although as can be observed from Figure 6 , the amplitudes in response to unmasked and masked stimuli do not differ between 200 and 250 msec. As Experiment 1 suggested, the mask at the long SOA (unmasked condition) started to have its effects on ERPs after 200 msec by enhancing positivity. Thus, here the attenuation of the negative difference between unmasked and masked stimuli may be due to the combined effects of the mask at the long SOA and the absence of attentional effects, which, according to Experiment 1 (see also ERPs to control trials below), should start to enhance negativity at the long SOA after 200 msec.
Visual inspection of the waves after 300 msec from stimulus onset shows a large positive peak around 350 msec in occipital and posterior temporal sites in the long-SOA condition. The analysis of the effects of masks ing varied randomly from trial to trial. In that case, the participants would have been aware of the stimulus only when attention was sufficiently tightly focused on the stimulus. As a result, the negative difference between consciously detected and undetected stimuli (VAN) would reflect the effects of focused attention, rather than of awareness.
In Experiment 2, we tested whether or not VAN would be elicited in a passive task that did not require any attention to the stimuli. The participants were asked simply to try to keep fixation in the center of the field and to avoid any unnecessary eyeblinks and movements, so that no evaluation of the stimulus features was required. If VAN reflects the effects of sustained focused attention on the stimuli, rather than awareness, it should not be observed between ERPs to masked and unmasked stimuli.
Method Participants and Stimuli
Thirteen healthy, right-handed (Oldfield, 1971) participants with normal or corrected-to-normal vision (21-32 years; 6 of them male) took part. The apparatus, stimuli (the gratings with high or low spatial frequency and horizontal or vertical orientation), and masks were the same as those in Experiment 1.
Procedure
The experiment began with the passive task, in which the grating stimuli were presented for 16.5 msec in the center of the computer screen in random order, followed by a blank period for 16.5 or 116 msec (33-or 133-msec SOA; masked or unmasked condition), and then by the mask for 16.5 msec. There were 128 trials on which the short SOA was used and 128 trials on which the long SOA was used; otherwise, the stimulus sequence was identical to that in Experiment 1. The participants were told that their only task was to try to keep their fixation in the center of the screen and to avoid unnecessary eye movements, blinks, and body movements. The task was introduced as a practice for the upcoming tasks in which fixating and avoidance of movement artifacts was important. This part of the experiment took about 4 min to accomplish. The passive task was followed by four blocks of 128 control trials. These trials were included as a control so that the participants were able to consciously recognize the stimulus features at the long SOA and were not able to recognize them at the short SOA. With the exception that the stimulus blocks were shorter, these trials followed the procedure in Experiment 1. Each of the four feature combinations (high-frequency-horizontal, high-frequency-vertical, lowfrequency-horizontal, and low-frequency-vertical) was in one of the blocks the target conjunction, presented in random order at short and long SOAs. Prior to each block, the participants were asked to respond to one particular feature combination (conjunction) by pressing a button on a response box immediately when they subjectively perceived the combination. The response hand was balanced across the participants.
EEG recording was identical to that in Experiment 1. In the passive task, the ERPs to all four stimulus combinations were grouped together and averaged separately for the short-and long-SOA trials. We recorded EEG also during the control trials in order to show that the main ERP results could be replicated here. Because we had less statistical power here than in Experiment 1 (a smaller number of trials and participants), we analyzed the effects of selective featurebased attention only in the most robust condition-that is, by comparing the ERPs to conjunctions and irrelevant stimuli.
Results
One participant was eliminated from the analyses because of EEG artifacts, and 3 participants because of too high a detection rate ( 15% of conjunctions) at the short [F(1,8) F F 9.20, p .02] interactions. These interactions show that ERPs to unmasked stimuli are more negative than those to masked stimuli (VAN), especially in Experiment 1 suggests that this wave is likely to be elicited by the mask, because in this time window the stimulus mask trials were associated with stronger positivity than were stimulus-only trials.
In sum, the amplitudes in the passive fixation task were more negative in response to unmasked stimuli than to masked stimuli between 100 and 300 msec (P1, N1, and N2 time windows), showing that VAN and, most importantly, the early part of VAN emerged as well in a task that did not require the observers to attend to the stimuli at all.
Control trials. Figure 7 shows the ERPs in response to masked and unmasked stimuli in the control trials. The masking (2) attention (2: conjunction, irrelevant) lobe (2: occipital, posterior temporal) hemisphere (2) ANOVA on P1 amplitudes (100-150 msec) showed a main effect for masking [F(1,8) F F 21.13, p .01] , indicating less positive/ more negative amplitudes in response to unmasked stimuli (2.0 V) than to masked stimuli (4.1 V) (VAN).
In the N1 time window (150-200 msec), the main effect for masking [F(1,8) F F 9.76, p .02] and the mask- 
GENERAL R R DISCUSSION
The present study focused on the relationship between visual awareness and attention to visual features of stimuli by making use of a specific electrophysiological marker for visual awareness (VAN; see, e.g., . It was an enhancement of negativity to aware (unmasked) stimulus features, as compared with unaware (masked) ones, peaking at occipitotemporal sites 100-300 msec after the stimulus. Selective attention to features was reflected in ERPs as a negative enhancement 200-300 msec after the stimulus (SN), followed by an enhanced positivity after 300 msec. Consistent with previous studies (Kenemans et al., 1993; Previc & Harter, 1982) in which supraliminal stimuli have been used, spatial frequency and orientation elicited independent SNs. VAN was observed independently of attentional selection: It emerged not only for conjunctions, frequency-relevant stimuli, and orientation-relevant stimuli, but also for irrelevant stimuli that did not contain either the attended frequency or orientation. The earliest part of VAN (before 200 msec) was completely independent of the manipulation of feature-based attention, and it emerged also when the observers were passively fixating on the screen without any other tasks (Experiment 2), whereas the later part of was strongly modified by selective feature-based attention. However, focusing attention actively on the stimuli (as compared with the passive fixating) enhanced VAN already before 200 msec, suggesting that focal attention modulates visual awareness earlier than does selective feature-based attention. In a recent study (Koivisto & Revonsuo, 2007) , we did not observe any reliable effect of spatial attention on VAN. However, since unilateral stimuli were used, it was possible that visual awareness was preceded by reflexive shifts of attention to the location where the stimulus appeared. On the basis of the present Experiment 2, one could expect that VAN might be strongly dependent on the focusing of spatial attention under more rigorous control of attentional shifts.
The correlate of visual awareness (VAN) was largest at occipital electrodes or at occipital and posterior temporal electrodes, whereas the negativity due to attentional selection (SN) was clearly largest at posterior temporal sites. SN emerged also in response to unaware stimuli, providing further support for the dissociation between the electrophysiological correlates of visual awareness and selective attention. These results suggest that visual awareness and selective attention to features must have, at least partly, different neural generators and, therefore, do not reflect the workings of the same mechanism.
The finding that VAN emerged independently of feature-based attention suggests that the neural processes responsible for initial stages of visual awareness do not require selective attention to specific stimulus features. However, on the basis of the present results, one should not conclude that t every stimulus enters visual awareness without any contribution from attention under all stimulation conditions. Next, we will discuss the possibility that under some conditions, attentional modulations may determine whether or not a stimulus will reach awareness.
over the left hemisphere and occipital lobes. Attended conjunctions show larger negativity than do irrelevant stimuli (SN), particularly over the left hemisphere. SN is larger in the masked than in the unmasked condition, and VAN is larger in response to attended conjunctions than to irrelevant stimuli, especially over the left posterior temporal site. It is important to note that although SN is larger for stimuli in the unmasked than in the masked condition, the ERP difference between conjunctions and irrelevant stimuli in the masked condition is significant over the left posterior temporal site [t (8) Finally, to test whether focusing attention on stimuli had any effects on ERPs between the masked and the unmasked conditions, ERPs in the passive task were compared with ERPs elicited by irrelevant stimuli in the control task with a task (2) masking (2) lobe (2) hemisphere (2) ANOVA. P1 amplitudes did not differ between the tasks. In general, N1 amplitudes showed stronger negativity in the control task ( 2.4 V) than in the passive task (0.9 V) [F(1,8) F F 10.22, p .02] . In addition, the difference between ERPs to unmasked and masked stimuli (i.e., VAN) was larger in the control task ( 3.6 V) than in the passive task ( 1.0 V) [F(1,8 Discussion Experiment 2 used a passive fixation task in which the participants were not required to attend to the stimuli. As a consequence of the SOA manipulation, the stimulus features were masked at the short SOA and unmasked at the long SOA. ERPs revealed a negative difference in occipital and posterior temporal sites between unmasked and masked stimuli 100-300 msec after stimulus onset, suggesting that the electrophysiological correlate of visual awareness (VAN) was present also when the participants were not required to attend to the stimuli.
The ERPs to the control trials replicated the basic findings of Experiment 1. Unmasked stimuli, in relation to masked ones, showed enlarged negativity between 100 and 300 msec in posterior sites (VAN). The early part of VAN (100-200 msec) was not modulated by selective featurebased attention, whereas the later part (200-300 msec) was. However, the early part of VAN was greatly attenuated in the passive fixation condition, suggesting that VAN is not completely independent of focused attention. The SN, the attentional effect reflecting modulatory influences of selective attention, was observed also in response to masked stimuli. This result suggests that selective featurebased attention can modulate unaware neural processes, although the effect is larger for stimuli in the unmasked, aware condition. tentional modulation of the correlate of visual awareness in the 200-to 300-msec time window may correspond to the formation of vivid, coherent conscious representations, a function that is assumed to be dependent on attention (Wolfe, 1999) or to attentional alternation of the subjective stimulus appearance (Carrasco, Ling, & Read, 2004) .
The late stages of conscious processing, as indicated by the positive difference between unmasked and masked stimuli 300-700 msec from stimulus onset (LP), seem to depend strongly on attention to features. By far the largest LPs are elicited by unmasked conjunctions, whereas For a stimulus or feature to reach awareness, the activity of the cell assemblies that code them and form their neural correlate of consciousness (NCC) must cross a threshold of subjective awareness (Crick & Koch, 2003) . In the unmasked, aware conditions of the present study, we used intensive stimuli that were easily visible and clearly above the subjective threshold. It can be assumed that if the physical intensity of the stimulus is high, it will cause a strong neural response of its NCC to begin with. Subsequently, the cortical response crosses the threshold for subjective visual awareness in a stimulus-driven manner, without any top-down contribution from selective attention. This is illustrated in the upper panel of Figure 8 .
Previous studies have indicated increased firing rate and selectivity of neurons in specific visual cortical areas when attention is directed to particular locations or features (Hillyard & Anllo-Vento, 1998; Murray & Wojciulik, 2004; Proverbio, Esposito, & Zani, 2002; Proverbio & Zani, 2003) . Attention is likely to bias the competition among groups of cells coding for neighboring objects in favor of the attended one (Crick & Koch, 2003; Koch & Crick, 2004) . Therefore, it is conceivable that top-down attentional modulations may increase the level of cortical activation at ventral areas that are the same as those associated with aware perception, making near-threshold stimuli that would otherwise remain unconscious more easily accessible to visual awareness. If the activation elicited by the stimulus is not sufficient for the stimulus to enter visual awareness, attentional top-down modulations may increase neural activity to the level needed for awareness (the middle panel in Figure 8 ; note that we do not equate stimulus-driven activation with feedforward activation from V1 to higher areas; it may include both feedforward and recurrent activity; see, e.g., Lamme, 2004) .
This model predicts also that attentional effects such as SN can be observed for stimuli that remain unconscious (lower panel in Figure 8 ). In line with the prediction, our previous studies (Koivisto & Revonsuo, 2007; have shown large SNs (1-3 V) for masked targets that the observers did not report having detected. Similarly, previous studies in which metacontrast masking (Ja kowski, van der Lubbe, Schlotterbeck, & Verleger, 2002) or object substitution masking (Woodman & Luck, 2003) have been used have reported posterior contralateral negativities as electrophysiological evidence for covert shifts of attention to stimuli that the participants were not aware of. In the present study, we observed a strong SN for unaware target conjunctions in Experiment 2 (2.5 V) and a somewhat smaller SN (0.7-0.9 V) in Experiment 1. Since Experiment 1 was longer than Experiment 2 and our previous experiment , the relatively small SN for unaware stimuli in Experiment 1 may have been due to attenuation of the effect after repeated exposure to stimuli.
The late portion of was enhanced by selective attention to features. This finding corresponds to the suprathreshold stimuli condition in Figure 8 and suggests that once a content in visual awareness becomes attentionally selected, it will be consciously perceived in a different manner than unselected contents. Thus, the at- unmasked frequency-relevant, orientation-relevant, and irrelevant stimuli elicit only negligible effects in this late time window. In a recent study (Koivisto et al., 2006) , we manipulated the scope of attention (global or local attention) and found that the LP was elicited in the global attention condition but was weak or absent in the local attention condition, although a robust VAN was observed in both conditions and the participants were visually aware of the stimuli. Similarly, the present study shows VAN in the passive task and in response to irrelevant stimuli, but these conditions do not elicit LP. Therefore, the LP cannot be a direct correlate of visual awareness but reflects some later, attention-dependent aspects of aware processing. These stages of processing probably go beyond the pure subjective experience of seeing, or phenomenal consciousness (Block, 1995 (Block, , 2001 , and may be called reflective consciousness (Revonsuo, 2006) or access consciousness (Block, 2001) . That attentional selection of features in this late time window is performed over aware contents is supported by the finding that there was no difference between ERPs to conjunctions, frequency-relevant stimuli, orientation-relevant stimuli, and irrelevant stimuli in the masked condition. Thus, the processes correlating with LP may require awareness as a prerequisite (Koivisto et al., 2006; , and they may be related to the confidence of the conscious decision (Eimer & Mazza, 2005) .
A Suprathreshold Stimulus
There is a close functional relationship between attention and awareness, which has been established in behavioral and brain-imaging studies ). The present study provides objective electrophysiological evidence showing that the electrophysiological processes associated with visual feature based attentional selection and visual awareness can be dissociated from each other at early stages of processing. The results seem to support a model that regards the initial stages of visual awareness as relatively independent of attention to features but not completely independent of focused attention. It remains to be studied in further experiments whether focusing of spatial attention is a necessary prerequisite for the emergence l of visual awareness, as indicated by the electrophysiological correlates of visual awareness.
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